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What is claimed is: 

1. A method of identifying associated cell signaling proteins, the method 
comprising: 

a) producing and storing a comparison value for each pair of said 
cell signaling proteins in response to data values representing 
physical properties of respective cell signaling proteins; and 

b) identifying cell signaling protein pairs having comparison values 
satisfying a condition indicative of an association between the 
cell signaling proteins. 

2. The method of claim 1 wherein producing and storing comprises 
producing and storing in a random access memory, said comparison 

value. 

3. The method of claim 1 further comprising normalizing said data values 
relative to at least one reference value, prior to producing said 
comparison values. 

4. The method of claim 1 wherein identifying comprises producing a list of 
pairs of associated cell signaling proteins. 

5. The method of claim 1 wherein identifying comprises producing a list of 
clusters of associated cell signaling proteins. 

6. The method of claim 4 wherein identifying further comprises identifying 
a cluster of associated cell signaling proteins, said cluster comprising a 
group of said pairs of associated cell signaling proteins for which each 
member of each said pair is present in at least one other pair of said 
group. 



10 



-57- 

The method of claim 5 wherein identifying each said cluster comprises: 
a) generating a duster lis. associated with a first cell signaling 
protein pair, said cluster list comprising an identificat,on of sa,d 
first cell signaling protein pair; 
m adding, to said cluster list, an identffication of each of said pairs 
that includes at least one cell signaling protein already present 
in said cluster list; 
O repeating said adding following each said adding of pairs to sakj 
cluster list, to effectively add to said cluster list each of said pa.rs 
that includes at least one cell signaling protein present ,n at least 
one pair added to said cluster list; 

d) eliminating, from said cluster list, each of said pairs that includes 
at least one cell signaling protein not found in at least one other 
pair in said cluster list, and 

e) repeating said eliminating following each said eliminating of 
pairs to effectively eliminate from said cluster list each of sa,d 
pairs that includes at least one cell signaling protein not present 
in at least one other non-eliminated pair in said cluster l.st. 

, The method of claim 1 further comprising receiving sets of cell 
signaling protein data, each set comprising said data values, said data 
values representing amounts of respective corresponding cell signing 
proteins in biological material corresponding to said set. 
a The method of claim 8 wherein producing said comparison values 
' comprises producing a coexpression coefficient for each pair of sa,d 
25 cell signaling proteins, each said coexpression coefficient represent^ 

a degree of coexpression of one cell signaling protein of said pa,r and 
the other cell signaling protein of said pair. 
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The method of claim 9 wherein producing each said coexpression 
coefficient comprises: 

a) for each set, calculating a difference value equal to an absolute 
value of a difference between said data value corresponding to 
said one cell signaling protein and said data value 
corresponding to said other cell signaling protein; and 

b) adding said difference values for each of said sets to produce a 
sum of difference values. 

The method of claim 10 wherein producing each said coexpression 
coefficient further comprises dividing said sum by the number of said 
sets to produce said coexpression coefficient corresponding to said 
one cell signaling protein and said other cell signaling protein. 

The method of claim 10 wherein identifying cell signaling protein pairs 
comprises identifying each cell signaling protein pair having a 
coexpression coefficient less than or equal to a threshold coexpression 
value. 

The method of claim 10 wherein identifying cell signaling protein pairs 
comprises producing a list of coexpressed cell signaling protein pairs, 
said list comprising an identification of each said cell signaling protein 
pair having a coexpression coefficient less than or equal to said 
threshold coexpression value. 

The method of claim 13 wherein identifying cell signaling protein pairs 
further comprises producing a list of clusters of coexpressed cell 
signaling protein pairs, each said cluster comprising a group of said 
coexpressed cell signaling protein pairs for which each member of 
each pair is present in at least one other pair of said group. 

The method of claim 1 further comprising receiving sets of cell 
signaling protein data, each set comprising said data values, said data 
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values indicating phosphorylation states of respective cell signaling 
proteins in biological material corresponding to said set. 

The method of claim 15 wherein producing said comparison values 
comprises producing a coregulation coefficient for each pair of said cell 
signaling proteins, each said coregulation coefficient representing a 
degree of coregulation of one cell signaling protein of said pair and the 
other cell signaling protein of said pair. 

The method of claim 16 wherein producing each said coregulation 
coefficient comprises: 

a) for each set, assigning a pair state value as a function of 
phosphorylation states of said one cell signaling protein and said 
other cell signaling protein; and 

b) adding said pair state values for each of said sets to produce a 
sum of pair state values. 

The method of claim 17 wherein producing each said coregulation 
coefficient further comprises dividing said sum by the number of said 
sets to produce said coregulation coefficient corresponding to said one 
cell signaling protein and said other cell signaling protein. 

The method of claim 17 wherein assigning a pair state value 
comprises: 

a) assigning a first pair state value when said one cell signaling 
protein and said other cell signaling protein are both in a 
phosphorylated state; 

b) assigning a second pair state value when said one cell signaling 
protein and said other cell signaling protein are both in a 
dephosphorylated state, said second pair state value being less 
than said first pair state value; and 
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c) assigning a third pair state value when said one cell signaling 
protein and said other cell signaling protein are in different 
phosphorylation states, said third pair state value being less 
than said second pair state value. 

The method of claim 17 wherein identifying cell signaling protein pairs 
comprises identifying each cell signaling protein pair having a 
coregulation coefficient greater than a threshold coregulation value. 

The method of claim 20 wherein identifying cell signaling protein pairs 
further comprises producing a list of coregulated cell signaling protein 
pairs, said list comprising an identification of each said cell signaling 
protein pair having a coregulation coefficient greater than said 
threshold coregulation value. 

The method of claim 21 wherein identifying cell signaling protein pairs 
further comprises producing a list of clusters of coregulated cell 
signaling protein pairs, each said cluster comprising a group of said 
coregulated cell signaling protein pairs for which each member of each 
pair is present in at least one other pair of said group. 

The method of claim 1 wherein producing a comparison value 
comprises producing a linkage coefficient for each pair of said cell 
signaling proteins, as a function of a coexpression coefficient 
representing a degree of coexpression of one cell signaling protein of 
said pair and the other cell signaling protein of said pair, and of a 
coregulation coefficient representing a degree of coregulation of said 
one cell signaling protein of said pair and said other cell signaling 
protein of said pair, each said linkage coefficient representing a degree 
of association between said one cell signaling protein and said other 
cell signaling protein. 
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The method of claim 23 wherein producing said linkage coefficient 
comprises, for each said pair, dividing said coregulation coefficient by 
said coexpression coefficient. 

The method of claim 24 further comprising producing a list of linked cell 
signaling protein pairs, said list comprising an identification of each 
said cell signaling protein pair having a linkage coefficient greater than 
or equal to a threshold linkage value. 

The method of claim 24 further comprising associating at least some of 
said cell signaling proteins with respective common signaling 
pathways, in response to said linkage coefficients. 

The method of claim 26 wherein associating comprises identifying a 
group of said cell signaling proteins for which each said linkage 
coefficient linking each cell signaling protein to each other cell signaling 
protein of said group is greater than or equal to a threshold linkage 
value. 

The method of claim 27 wherein identifying said group comprises: 

a) generating a linkage list comprising a first cell signaling protein; 

b) adding, to said linkage list, each other said cell signaling protein 
for which said linkage coefficient for said first cell signaling 
protein and said other cell signaling protein is greater than or 
equal to said threshold linkage value; and 

c) eliminating, from said linkage list, each cell signaling protein on 
said linkage list for which said linkage coefficient for said each 
cell signaling protein and at least one other cell signaling protein 
on said linkage list is less than said threshold linkage value. 

9. The method of claim 27 further comprising producing lists of said 
common signaling pathways. 
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The method of claim 1 further comprising producing said data values 
representing said physical properties of saW respective cel. signahng 
proteins. 

The method of claim 30 wherein producing said data values comprises 
producing s^na.s representative of proteins in a single dimenston ,n an 
electrophoresis gel. 

The method of claim 31 further comprising producing said 
electrophoresis gel. 

33. An apparatus for identifying associated cell signaling proteins, the 
10 apparatus comprising: 

a) a receiver operable to receive data values represent.ng physical 
properties of respective cell signaling proteins; and 

b) a processor circuit in communication with said rece.ver, said 
processor circuit being configured to: 

1 5 0 produce and store, in a memory, a comparison value for 

each pair of said cell signaling proteins in response to 
said data values; and 

ii) identify cell signaling protein pairs having comparison 
values satisfying a condition indicative of an association 
between the cell signaling proteins. 

34. The apparatus of claim 33 further comprising said memory. 

35. The apparatus of claim 34 wherein said memory comprises a random 
access memory. 

The apparatus of claim 33 wherein said processor circuit is configured 
to normalize said data values relative to at least one reference value, 
prior to producing said comparison values. 
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The apparatus o, daim 33 wherein - P"— ** * 
top rooucea,is,o, ^ of associate. cel. signals prote.ns. 

Th e apparatus o, .aim 33 wherein said processor circu* is configured 
Iproaucealisto. dusters of associated eel, s.naling prote.ns. 
Th e apparatus o, daim 37 herein said processor circu* is 

- — a ~; :; ::r;r 0 r:r r r~:::: s 

other pair of said group. 

The apparatus of daim 39 herein sa« processor configured 
t0 entity sa« duster o, associated cei. scaling prote.ns. by. 
al ge nera.,ng a cluster M associated with a first cei, signaling 
31 9 P :: n pa, duster „s> coming an ,dent,ficat,on o, sa,d 

first cell signaling protein pair, 
h > adding to satf cluster list, an identification of each of said pairs 
b) C indudes a, least one eel, s,gna,ing protein already present 
in said cluster list; 

c , repeating said adding following each sa« adding of pairs to said 

tnat indudes at least one cell signaling prote.n present ,n at least 
one pair added to said cluster list; 

eliminating, from said duster lis,, each of said pairs that indudes 
pair in said cluster list; and 

repeating said eliminating following each said eliminating of 
6) paTs to e«ec,ive,y eliminate from said cluster lis, each o, sa,d 
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• , a es at leas, one cell signaling protein not present 

sets of cell signaUng pro.e.n data, ea h s 
corresponding to said set. 

■rrrtrs. - - - - 

sum of difference values. 
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e'uaito a thresh ^expression value. 
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to produce a list ot cue v ^ iana r, n q protein pair 

coexpression value. 

l0 produce a * - ciusters °' ^ n of J/xpressed ce„ 

least one other pair of said group. 

— « —~ 

to produce, as said comp coregulat.on 

■ ^aid cell signaling proteins, eacn 
each pa,r of sad eel 9 ^ ^ ^ ^ 

50 The apparatus of Cairn 4, herein said P— *" * ^ 
' to produce each said coregulation coefficient by: 

fof each set. assigning a pair state value as a function of 

other cell signaling protein; and 

adding said pa,r state vaiuesfc, each of said sets to produce a 
sum of pair state values. 

I dle said sun, by the number of said sets to produce sa,d 



a) 
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and said other cell signaling protein, 
configured to ass^nsatf pair state value by: 

phosphorylated state 
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a nair state value when said one cell signaling 
assigning a second pa,r state va u ^ ^ 

■ *aid other cell signaling protein are 

protein and said omer ^ 
dephosphorylated state, said second pa,r state va 

than said f.rst pair state value; and 

=> •••;»«:-:r:;::r;^:r= 

protein and sa.d othe ^ less 

phosphorylation states, sa.d third pa.r 
than said second pair state value. 

«— — »— rirss^ 

threshold coregulation value. 

,o produce a tat of coreg protein pair 

comprising an identification of each ^ 
naving a coreguiation coefficient greater than 
coregulation value. 

, us of claim 54 wherein said processor circuit is configured 
The apparatus of claim » sian aling protein pairs. 

t0 pr cduce a tist o, ciusters o, coregu a ^ sjgnaling 
each said duster comprising a group of said coreg 
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,~r of each pair is present in at least 
pro ,ein pairs .or which each member o. each p 

on eotherpairo,sa«group. 

The apparatus o, Cairn 33 ^ ^ (or eac h 

t0 pro duce. as sa* companso „ « *~ ^ ^ ^ 
pa , of said ceil -gn^ „, one seating 

^cient represent a^- - « ' o( ^ pa , and 

pcotein of saio pair and the other ce 9 ^ of 

P of a nation coefficient rep— . ^ ^ ^ ^ 
said one ceii skiing pro.e.n o sa P , degree 

^gnaiingprotein. 

T ne apparatus of Ca,m * ^ each sa, pa, .vicing 

~\rr-\ lit l<i 
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said coregu«w 

t0 produce a lis. of LnKed « 9 ^ pr0(ein pair 

uprising an aen<if,cat,on °' 6 ° f equalt0 a threshold UnKage 
ha ving a linkage coefficient greater than or 

Va,U6 ' processor circuit is configured 

Th e apparatus 0, Cairn S7 ^^.ins * respective 

^ons.gnal.ngpathwav. ^ 
T ne apparatus of Cairn* where, ^ ^ by 

\inkage value. 
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■a «rrv*>ssor circuit is configured 
61 . The apparatus of Cairn 60 where,n sa* processor 
to identify said group by. 
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■ •„„ * first cell signaling protein; 
generating a linkage Us. coming a firs. 

. . ,,-h nther said cell signaling protein 
adding. « said linkage Irs., each omer sa 

(or wh ich u* linkage coeftoen for ^ ^ 

pro tein and sad other cel. skjnakng prote.n .g 
equ a. to said threshold linkage value; and 

. . ,, okaoe Ust each cell signaling protein on 
c) elating. Relent ,or said each 

said linkage W for v*k* ^ ^ 

L plce lists o, said common signaling pathways. 

, , m 33 further comprising a measuring dev.ee 
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, • ra wherein said measuring device further 

The apparatus of da,m 64 " here ' n <Q produce said 

comprises an electrophoresis apparatus opera 

electrophoresis gel. 

• piPctroDhoresis apparatus 

.apparatus for .denying associated cel, signaling proteins. ,e 
apparatus comprising: 
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b) 



c) 



meansfor — d a. va.es repre—P^ Proves 

of respective cell signaling proteins; 

, w storing a comparison value for 
means for producing and for stonng ^ 
each pair of said cell signaling protems in respons 
values; and 

^- ^ii sianaling protein pairs having 

r.i — 

association between the cell signaling proteins, 
apparatus comprising: 

a) meansforreceivingdatavaluesrepresentingpnvsicalpropenies 

of respective cell signaling proteins, 

^.signaling proteins in response to sa,d data values. 



b) 



d) 



mea ns for storing said companson values said means for 
stonng comprising a random access memory, and 

association between the cell signaling proteins, 
programmable device to: 

a) receive data values representing physical properties o, 
respective cell signaling proteins; 

w produce and store a comparison value for each pair o, said cell 
^ C.ingp r o.einsinresponsetosaiddatavalues;and 
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c) identify cell signaling protein pairs having comparison values 
satisfying a condition indicative of an association between the 
cell signaling proteins. 

A computer data signal embodied in a carrier wave comprising: 

a) a first code segment for directing a programmable device to 
receive data values representing physical properties of 
respective cell signaling proteins; 

b) a second code segment for directing said programmable device 
to produce and store a comparison value for each pair of said 
cell signaling proteins in response to said data values; and 

c) a third code segment for directing said programmable device to 
identify cell signaling protein pairs having comparison values 
satisfying a condition indicative of an association between the 
cell signaling proteins. 



